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NASA TT F-15,267 

VOLUME 3 ,  PART 1, CHAPTER 2 .  COSMONAUT 
(ASTRONAUT) T R A I N I N G  

Doctor M .  M .  Link and Doctor N .  Gurovskiy 

In t roduc t ion  

In t h i s  chapter ,  which i s  based upon a survey of  t h e  Sovie t  and American / 2 *  - 
s c i e n t i f i c - t e c h n i c a l  l i t e r a t u r e ,  p r inc ipa l  a t t e n t i o n  i s  concent ra ted  on 

methods of  medical and b i o l o g i c a l  t r a i n i n g  and p r e f l i g h t  t r a i n i n g  of spacec ra f t  

crews. Such an approach seems l o g i c a l  i n  connection wi th  t h e  fact t h a t  t h e  

s c i e n t i s t s  o f  both coun t r i e s  support  approximately s imilar  methods of  t r a i n i n g  

and condi t ion ing ,  u t i l i z i n g  t h e  experience which has been accumulated as t h e  

r e s u l t  o f  manned high v e l o c i t y  and high a l t i t u d e  a i r c r a f t  f l i g h t s .  

e x t r a p o l a t e s  t h e  a v a i l a b l e  d a t a  t o  successive long term f l i g h t s  and p r e d i c t s  

t h e  p o s s i b l e  r e a c t i o n s  of  man, as well as b u i l d s  t h e o r e t i c a l  models of human 

adap ta t ion  t o  t h e  new environment a f t e r  t h e  man leaves  t h e  Earth and sets  out  

on a s p a c e f l i g h t .  Moreover, t h e  experience of a c t u a l  s p a c e f l i g h t s  provides  

an evergrowing volume of information fo r  s c i e n t i s t s  and s p e c i a l i s t s  working i n  

t h i s  f i e l d ;  on t h e  b a s i s  of t h i s  information one can p r e d i c t  t h e  s t a t e  of  

h e a l t h  o f  a man and develop t h e  necessary measures f o r  suppor t ing  h i s  v i t a l  

a c t i v i t y  wi th  t h e  promise of an increase  i n  t h e  du ra t ion  of s p a c e f l i g h t s .  

Each country 

Medical and b i o l o g i c a l  t r a i n i n g  of cosmonauts and a s t r o n a u t s  i s  a dynamic 

process  which inc reases  t h e  r e s i s t a n c e  of t h e  organism t o  t h e  effect  o f  space- 

f l i g h t  f a c t o r s .  Such f a c t o r s  inc lude  the fol lowing:  1. Fac tors  of o u t e r  space 

(near ly  complete vacuum, cosmic r a d i a t i o n ,  e t c . ) ,  2 .  Factors  r e l a t e d  t o  t h e  

dynamics of s p a c e c r a f t  f l i g h t  (no ise ,  v i b r a t i o n ,  weight lessness ,  a c c e l e r a t i o n ,  

v e s t i b u l a r  s t i m u l i ) ,  and, 3 .  

of t h e  f l i g h t  and t h e  s t a t e  of  a man i n  t h e  cabin o f  a spacec ra f t  ( i s o l a t i o n ,  

a r t i f i c i a l  atmosphere, p e c u l i a r i t i e s  of nourishment,  t h e  unique psychological  

background, neuro-emotional s t r e s s )  . 

Other f a c t o r s ,  which depend upon t h e  p e c u l i a r i t i e s ,  

- / 3  

*Numbers i n  margin i n d i c a t e  pagina t ion  i n  t h e  fo re ign  t e x t .  
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Inasmuch as t h e  t echn ica l  systems provide p r o t e c t i o n  o f  t h e  cosmonaut 

( a s t ronau t )  from t h e  e f f e c t  o f  f a c t o r s  o f  t h e  f irst  group, as wel l  as no i se ,  

v i b r a t i o n ,  and c e r t a i n  o t h e r s ,  it i s  unnecessary t o  achieve an inc rease  i n  t h e  

r e s i s t a n c e  o f  t h e  organism by t h e  aid of medical and b i o l o g i c a l  condi t ion ing  

t o  t h e s e  f a c t o r s .  However, s p e c i a l  condi t ioning f o r  i nc reas ing  t h e  r e s i s t a n c e  

o f  t h e  organism t o  t h e  e f f e c t  o f  acce le ra t ions  and, p a r t i c u l a r l y ,  weight lessness  

i s  o b l i g a t o r y .  

cosmonauts, c e r t a i n  types o f  one-time f a c t o r s  d i r e c t e d  p r i m a r i l y  a t  a s tudy  of 

t h e  ind iv idua l  c a p a c i t i e s  o f  t h e  organism and i t s  r e se rve  c a p a c i t i e s  a l s o  

f i g u r e  i n .  These inc lude  long, 10-day t r ia ls  i n  t h e  soundproof chamber, and 

t r i a l  runs  i n  t h e  thermochamber). 

( In  t h e  program of  medical-biological  t r a i n i n g  o f  Sovie t  

Sys temat ic  condi t ion ing  provides  more a i r c r a f t  f l i g h t s ,  inc luding  those  i n  

t h e  Kepler parabola ,  r o t a t i o n  i n  t h e  cen t r i fuge ,  v e s t i b u l a r  condi t ion ing ,  and 

genera l  phys io log ica l  t r a i n i n g  and combined i n v e s t i g a t i o n - t r a i n i n g  i n  t h e  space- 

c r a f t  s imu la to r .  

The program o f  t h e  American as t ronauts  i s  reminiscent  of t h e  Sovie t  program; 
it i s  a l s o  based upon t h e  experience o f  a c t u a l  s p a c e f l i g h t s  and on ind iv idua l  

approaches and c h a r a c t e r i s t i c s  o f  t h e  organisms of  t h e  crew members. 

In  formula t ing  t h e  s p e c i a l  programs o f  t r a i n i n g ,  t h e  goa ls  and t a s k s  o f  

t h e  space experiments were given a t t e n t i o n ,  as wel l  as t h e  c h a r a c t e r i s t i c s  and 

phys ica l  condi t ion  o f  t h e  p a r t i c i p a n t s  and t h e  p o s s i b l e  forms of a c t i v i t y  of  

t h e  cosmonauts ( a s t ronau t s )  dur ing  var ious s t ages  of t h e  s p a c e f l i g h t .  The 

t r a i n i n g  programs provided f o r  mul t ip ly  and sys t ema t i ca l ly  employing a c t i v e  

f a c t o r s ,  g radua l ly  inc reas ing  t h e  i n t e n s i t y  of t h e  s t i m u l i ,  and ind iv idua l  /4 
c h a r a c t e r i s t i c s  of t h e  cosmonauts were taken i n t o  account when determining t h e  

opt imal  loads and i n t e r v a l s  between s e r i e s  o f  condi t ion ing  s e s s i o n s .  

The fo l lowing  persons p a r t i c i p a t e d  i n  prepar ing  t h e  materials of t h i s  

chap te r  . . . . .  [ T r a n s l a t o r ' s  Note: p a r t  o f  t e x t  appears t o  be missing]  USA and 

Doctor T.  V .  Krupina, I .  I .  Bryanov -USSR, f o r  which t h e  au thors  g ive  them 

t h e i r  s i n c e r e  thanks.  
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Medical- Biologi  c a l  T ra in ing  

I One of t h e  elements of  t r a i n i n g  Soviet  cosmonauts f o r  t h e  f irst  f l i g h t s  

was t r i a l s  i n  t h e  s i l e n c e  chamber. 

i n  t h e  s i l e n c e  chamber was Ira s tudy  of the s t a t e  o f  t h e  neuro-psychological  

sphere and t h e  phys io logica l  r e a c t i o n s ,  determinat ion o f  t h e  human capac i ty  

exac t ly  t o  accomplish tasks  wi th in  t h e  framework d i c t a t e d  by t h e  a c t i v i t y "  

(5b) .  
both i s o l a t i o n  was provided as well as c rea t ion  o f  condi t ions  of r e l a t i v e  hypo- 

dynamia. The cosmonauts l i v e d  and worked according t o  an a l t e r e d  d i u r n a l  

schedule  "work-rest", corresponding t o  r e a l i s t i c  cond i t ions  o f  s p a c e f l i g h t s ;  

a complex method f o r  record ing  t h e  medical-biological  information was devised ,  

thanks t o  which it became p o s s i b l e  t o  conduct experimental  psychological  i n -  

v e s t i g a t i o n s .  

The goal o f  a long term t e s t  of  cosmonauts 

During t h e  i n v e s t i g a t i o n s  o f  t h e  cosmonauts i n  t h e  s i l e n c e  chambers, 

The Sovie t  au thors  (16b, 17b, 18b, 4b, 6b) c i t e  experimental  d a t a  on t h e  

func t iona l  changes which were observed among c e r t a i n  Sovie t  cosmonauts dur ing  

t h e  experiments i n  t h e  s i l e n c e  chamber. During t h e  process  it was noted t h a t  

a l l  t h e  s u b j e c t s  were observed t o  have a high l e v e l  o f  emotional-psychological 

s t a b i l i t y  and adapt ive  c a p a c i t i e s .  

uniform, f o r  example, V .  V .  Tereshkova spent  7 days t h e r e ,  while  V .  G .  

Bykovskiy spent  10 days.  The d i f fe rences  i n  t h e  time of  s t a y i n g  i n  t h e  chamber 

were due t o  q u i t e  a number of circumstances,  inc luding  t h e  proposed du ra t ion  

of t h e  f l i g h t .  

The time o f  s t a y  i n  t h e  chamber was not  

/5 

I n  t h e  process  of  i n v e s t i g a t i o n s  in  t h e  s i l e n c e  chamber, s p e c i a l  complexes 

o f  phys i ca l  e x e r c i s e s  were t e s t e d  which proved e f f e c t i v e .  

s p e c i a l  devices  and procedures were suggested; t h e s e  included t h e  b i c y c l e  

ergometer ,  rubber  expanders, and t h e  system o f  i n e r t i a l  and i somet r i c  e x e r c i s e s  

(2b) .  
t h e  p o s i t i v e  e f f e c t  with r e spec t  t o  prevent ing t h e  undes i r ab le  consequences of  

hypokinesis  and were recommended f o r  use dur ing  an a c t u a l  s p a c e f l i g h t .  

A whole ser ies  o f  

Tested dur ing  9 long term experiments, t h e s e  devices  demonstrated 

The f i rs t  groups of Sovie t  cosmonauts and American a s t r o n a u t s  went through 

s p e c i a l  cond i t ion ing  i n  thermal chambers with an inc reased  temperature .  These 

cond i t ion ing  se s s ions  sought a two-fold goa l :  

t h e  organism t o  t h e  temperature f a c t o r  (an inc rease  i n  temperature  i n  t h e  cabins  

t o  i n c r e a s e  t h e  r e s i s t a n c e  of 
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of  s p a c e c r a f t  was considered a probable  emergency s i t u a t i o n ) ,  and t o  determine 

t h e  ind iv idua l  r e a c t i o n  of t h e  organism t o  a s e t  thermal load .  A s  a r e s u l t  

o f  t h e  i n v e s t i g a t i o n s  which were conducted, t h e  Sovie t  au thors  ( l b )  recommended 

us ing  exposure t o  a temperature  o f  60" as a func t iona l  h e a t  t e s t  f o r  undressed 

s u b j e c t s .  

Primary a t t e n t i o n  was pa id  t o  condi t ioning cosmonauts ( a s t ronau t s )  t o  

s t a y i n g  under condi t ions  of weight lessness  - t h e  primary unknown f a c t o r  o f  

s p a c e f l i g h t  which could no t  be dupl ica ted  o t h e r  than  dur ing  t h e  f l i g h t  o f  high 

v e l o c i t y  a i r c r a f t  along a Kepler t r a j e c t o r y .  

o f  u s ing  t h e s e  f l i g h t s  f o r  condi t ion ing  cosmonauts was conducted by American 

and Sovie t  s c i e n t i s t s  (24b) a t  t h e  end of t h e  1950s. 

An i n v e s t i g a t i o n  o f  t h e  problem 

I t  was e s t a b l i s h e d  t h a t  t h e  reac t ion  o f  a man t o  s h o r t  term ( seve ra l  t e n t h s  - /6 

of  seconds) weight lessness  i s  ind iv idua l  and t h a t  a l l  s u b j e c t s  could be divided 

i n t o  3 groups i n  accordance with t h e i r  f e e l i n g  and conduct i n  weight lessness :  

1, persons who, dur ing  weight lessness ,  f e l t  good; 2 ,  persons  who experienced 

i l l u s o r y  sensa t ions  which disappeared a f t e r  1 2  t o  15 exposures ,  and 3 ,  persons 

i n  whom symptoms o f  discomfort  immediately developed and who underwent adapta-  

t i o n  wi th  d i f f i c u l t y .  

Extremely s i g n i f i c a n t  was t h e  f a c t  t h a t  i n  t h e  process  of ca r ry ing  out  

r e p e a t  f l i g h t s  a long t h e  Kepler parabola,  most persons wi th  a diminished 

t o l e r a n c e  t o  weight lessness  g radua l ly  adapted t o  t h i s  f a c t o r .  

The i n v e s t i g a t i o n s  of L .  A .  Kitayev-Smyk and I .  A .  Kolosov (8b, 9b) de- 

monstrated t h a t  s t a t o k i n e t i c  d i s o r d e r s  i n  f l i g h t  personnel  were l e s s  pro-  

nounced and more r a p i d l y  disappeared during repea ted  exposure than  among non- 

f l y i n g  personnel .  For  example, sensory d i s o r d e r s  among f l i g h t  personnel  com- 

p l e t e l y  van i sh  a f t e r  1 2  exposures t o  weight lessness;  among nonf ly ing  personnel ,  

more than  30 r e p e t i t i o n s  were necessary t o  achieve t h i s  goa l .  

The p o s s i b i l i t y  of adapta t ion  t o  shor t  term weight lessness  was t h e  b a s i s  

f o r  conduct ing condi t ion ing  o f  cosmonauts ( a s t ronau t s )  i n  r e a l  a i r c r a f t  i n  
f l i g h t s  a long t h e  Kepler t r a j e c t o r y .  

t h e  cosmonauts secured i n  t h e i r  working p l ace ,  and with t h e i r  f r e e  d r i f t i n g  i n  

t h e  cab ins  of l a r g e  a i rc raf t .  

Conditioning was c a r r i e d  out  both with 

True, i n  t h e s e  i n v e s t i g a t i o n s  Sovie t  and 
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American s c i e n t i s t s  took f u l l  cognizance o f  t h e  s i g n i f i c a n t  d i f f e r e n c e s  between 

phys io logica l  r e a c t i o n s  t o  s h o r t  term and prolonged weight lessness .  

f irst  i n s t a n c e ,  t h e  e f f e c t  was pr imar i ly  addressed t o  t h e  s t a t o k i n e t i c  ana lyze r  

and neuro-emotional sphere of t h e  cosmonauts, while  i n  t h e  second dominant s i g -  

n i f i c a n c e  was acquired by changes wi th  respec t  t o  t h e  ca rd iovascu la r  system and 

t h e  metabol ic  processes .  Never the less ,  t h e  f l i g h t s  a long t h e  Kepler t r a j e c t o r y  

no t  on ly  made it p o s s i b l e  t o  e s t ima te  t h e  p r e d i s p o s i t i o n  o f  t h e  cosmonauts t o  

ves t ibu lo -vege ta t ive  d i s o r d e r s ,  bu t  also t o  decrease  t h e  degree o f  t h e  un- 

favorable  r e a c t i o n s  by means o f  adequate condi t ion ing ,  which i n  t h e  f i n a l  

a n a l y s i s  could prove u s e f u l  i n  a c t u a l  space f l igh t  as w e l l .  

In t h e  

Propor t iona l  t o  t h e  accumulation of experience o f  manned s p a c e f l i g h t s ,  

f l i g h t s  aboard a i r c r a f t  along t h e  Kepler t r a j e c t o r y  began t o  acqu i r e  c h a r a c t e r  

o f  t e s t  f l i g h t s  ( f o r  cer ta in  aggregates  and systems whose working capac i ty  i n  

weight lessness  was doub t fu l ) ,  and t r a i n i n g  s e s s i o n s  from t h e  viewpoint of  

developing i n  t h e  cosmonauts s k i l l  i n  car ry ing  out  c e r t a i n  ope ra t ions  i n  weight- 

l e s s n e s s .  

In  o r d e r  t o  ensure adapta t ion  o f  the phys io log ica l  systems o f  man t o  t h e  

e f f e c t  o f  t r a n s v e r s e  a c c e l e r a t i o n s  during s p a c e f l i g h t ,  t h e  t r a i n i n g  system of 

Sovie t  cosmonauts and American as t ronauts  included a s p e c i a l  cyc le  o f  familiar- 

i z i n g  and condi t ion ing  r o t a t i o n s  i n  t h e  cen t r i fuge .  

c e n t r i f u g e ,  t h e  ind iv idua l  r e s i s t a n c e  of t h e  organism t o  a c c e l a t i o n s  of vary ing  

i n t e n s i t y  was determined and measures were taken t o  inc rease  t h i s  r e s i s t a n c e .  

During r o t a t i o n s  i n  t h e  

The fact  should be noted t h a t  both cosmonauts and a s t r o n a u t s  p o s i t i v e l y  

eva lua ted  p r e f l i g h t  condi t ion ing  on t h e  c e n t r i f u g e .  The genera l  s t rengthening  

of  t h e  organism, as wel l  as t h e  development of corresponding s k i l l s  i n  vo luntary  

t e n s i n g  o f  muscles o f  t h e  l eg  and abdominal p r e s s  - a l l  t h i s  s i g n i f i c a n t l y  

inc reases  t h e  r e s i s t a n c e  t o  acce le ra t ion .  Observat ions of  t h e  r e a c t i o n s  o f  t h e  

organism dur ing  t h e  ac t ion  o f  g- forces  lay a t  t h e  b a s i s  of development o f  t h e  

cond i t ion ing  system. The Sovie t  cosmonauts were subjec ted  t o  exposure t o  
t r a n s v e r s e  a c c e l e r a t i o n s  of a magnitude 

poss ib ly  7 ,  9 and 101. 

V .  I .  Stepantsov and A .  V .  Yeremin 

c e n t r i f u g e  i s  p a r t i c u l a r l y  e f f e c t i v e  i n  

of 7 .9  and 10 [ T r a n s l a t o r ' s  Note: 

(19b) showed t h a t  cond i t ion ing  on t h e  

those  cases  when t h e  o r i g i n a l  t o l e r a n c e  
/8 - 

, 
5 



of t h e  man t o  t h i s  f a c t o r  was low. 

based on t h e  p r i n c i p l e  of a gradual increase  i n  load with simultaneous inc rease  

of  t h e  i n t e r v a l s  between r o t a t i o n s  on the c e n t r i f u g e .  

f i r s t  encountered ves t ibu lo -vege ta t ive  d i so rde r s  (motion s i c k n e s s ) .  The 

symptoms o f  motion s i ckness  were observed i n  t h e  p i l o t  o f  t h e  "Vostok-2" space- 

c r a f t ,  G .  s. Ti tov .  In  connection with t h i s ,  i n  t h e  Sovie t  program of  medical-  

- b i o l o g i c a l  t r a i n i n g  a l a r g e  p l ace  was occupied by v e s t i b u l a r  condi t ion ing .  

The s p e c i a l  programs o f  condi t ion ing ,  which were always s t r i c t l y  i n d i v i d u a l ,  

included a c t i v e  and pass ive  methods. Methods o f  a c t i v e  condi t ion ing  inc lude  

phys ica l  exe rc i se s ,  inc luding  e x e r c i s e s  on gymnastic devices ,  pas s ive  condi- 

t i o n i n g  does no t  provide f o r  a c t i v i t y  on t h e  p a r t  of t h e  person being condi- 

t ioned  and c o n s i s t s  i n  swinging on simple and quadra support  swings,  r o t a t i o n  

on s p e c i a l  devices ,  e t c .  (15b). 

Most e f f e c t i v e  were condi t ion ing  regimes 

The Sovie t  cosmonauts 

Condi t ioning proved e f f e c t i v e  with g a s t r o i n t e s t i n a l  symptoms o f  motion 

s i ckness  (success  i n  50% o f  t h e  c a s e s ) ,  and s l i g h t l y  e f f e c t i v e  when t h e r e  were 

nervous and card iovascular  symptoms. Natura l ly ,  when conducting t h e  condi- 
t i o n i n g  e x e r c i s e s  t h e  ind iv idua l  c h a r a c t e r i s t i c s  of t h e  person being condi- 

t i oned  have t o  be taken i n t o  account.  

In  t h e  condi t ion ing  programs o f  the Sovie t  cosmonauts phys i ca l  t r a i n i n g  

was s p e c i a l l y  de l inea ted ,  inasmuch as it  i s  a nonspec i f i c  method f o r  i n c r e a s i n g  

t h e  r e s i s t a n c e  of t h e  organism t o  t h e  e f f e c t  o f  most s p a c e f l i g h t  f a c t o r s .  

When s e t t i n g  up t h e  program f o r  physical  t r a i n i n g  of  Sovie t  cosmonauts, /9 - 
i n  a d d i t i o n  t o  group exe rc i se s ,  a s i g n i f i c a n t  p l a c e  was ass igned  i n  t h e  i n d i v i -  

dual  program tak ing  i n t o  account t h e  c h a r a c t e r i s t i c s  o f  t h e  organism i n  t h e  

i n t e r e s t  o f  t h e  cosmonaut. 

The development o f  space naviga t ion ,  and t h e  appearance of s p a c e c r a f t  

whose crews inc lude  s p e c i a l i s t s  o f  var ious profess ions  determined t h e  d i f f e r e n -  

t i a t i o n  of  tasks of each crew member and t h e  i n c l u s i o n  i n  t h e  crew of  cosmonaut 

engineers  and sc ien t i s t s  of var ious  profess ions .  

In  t h e  works of N .  N .  Gurovskiy e t  a l .  (6 .b ) ,  i t  i s  poin ted  out  t h a t  t h e i r  

p r e f l i g h t  t r a i n i n g  d i f f e r e d  from t h e  t r a i n i n g  of p i l o t s .  

with r e s p e c t  t o  eas ing  t h e  requirements made on t h e i r  s t a t e  of  h e a l t h .  

There was a change 

The 
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c h a r a c t e r i s t i c  p e c u l i a r i t y  of t h i s  category o f  cosmonauts was lower phys ica l  

condi t ion ing  and o l d e r  age. 

A l l  o f  t h e s e  c h a r a c t e r i s t i c s  had t o  be  taken i n t o  account when s e t t i n g  up 

t h e  program f o r  t r a i n i n g  t h e  cosmonaut i n v e s t i g a t o r s .  

al though p a r t i c u l a r  s i g n i f i c a n c e  at tached t o  improving such q u a l i t i e s  as 

s p a t i a l  o r i e n t a t i o n  i n  t h e  capac i ty  t o  observe moving p o i n t s  o f  o r i e n t a t i o n  f o r  

t h e  cosmonaut p i l o t  ( t he  spacec ra f t  commander), f o r  o t h e r  crew members t h i s  does 

no t  n e c e s s a r i l y  have primary s ign i f i cance .  

f l i g h t  f a c t o r s  (weight lessness ,  g-forces) should be h igh  among a l l  crew members. 

Thus, f o r  example, 

However, t o l e r a n c e  f o r  dynamic 

A c h a r a c t e r i s t i c  of t r a i n i n g  cosmonaut i n v e s t i g a t o r s  i n  t h e  Sovie t  Union 

a l s o  c o n s i s t s  i n  t h a t  t h e  f i r s t  stage of th i . s  t r a i n i n g  i s  c a r r i e d  out  without  

i n t e r r u p t i o n  i n  b a s i c  work ( f o r  example, a phys ic ian  i n  t h e  c l i n i c  o r  i n s t i t u t e ,  

an engineer  o r  astronomer i n  h i s  department).  A t  t h i s  s t a g e  a s i g n i f i c a n t  p l a c e  

i s  given phys ica l  condi t ion ing ,  v e s t i b u l a r  condi t ion ing ,  and s t a y i n g  i n  t h e  

environment of a moderately high mountain. 

o f  t h i s  ca tegory  proceed t o  condi t ioning as p a r t  o f  t h e  crew; t h i s  condi t ion ing  /10 

i s  conducted wi th  such persons f r eed  of t h e i r  primary d u t i e s  i n  work (6b) .  

Only a f t e r  t h i s  do t h e  cosmonauts 

- 

In t h e  United S t a t e s  of  America the program of group p r e f l i g h t  t r a i n i n g ,  

p r i o r  t o  t h e  f i r s t  s u b o r b i t a l  f l i g h t ,  was o b l i g a t o r y  f o r  each p i l o t  (and standby 

p i l o t ) ,  and t h i s  s i t u a t i o n  i s  maintained t o  t h e  p re sen t  day. A l l  members o f  t h e  

detachment o f  a s t ronau t s  p a r t i c i p a t e d  i n  s p e c i a l  and genera l  t r a i n i n g  and 

s imultaneously went through a l i m i t e d  course of  condi t ion ing  i n  t h e  mountains,  

which was a p a r t  o f  t h e  genera l  program. 

In t h e  first American program, whose goal was t r a i n i n g  a man t o  p a r t i c i p a t e  

i n  s p a c e f l i g h t  f o r  t h e  "Mercury" program, methods o f  t r a i n i n g  were employed 

which were considered n e i t h e r  new nor  unique s i n c e  they  were widely used up t o  

then  i n  a v i a t i o n  i n  t r a i n i n g  p i l o t s .  

i n  r e a l i z i n g  t h e  f l i g h t  program a l s o  l e f t  a c e r t a i n  mark on t r a i n i n g  cosmonauts. 

Thus, f o r  example inasmuch as t h e  program d i d  not  have p rov i s ion  f o r  mass 

t r a i n i n g  o f  a s t r o n a u t s ,  t h e  seven se l ec t ed  candidates  went through a s p e c i a l i z e d  

t r a i n i n g  course which was absent i n  the  more genera l  a v i a t i o n  programs. 

over ,  a l l  of t h e s e  s e l e c t e d  candida tes  were experienced p i l o t s  and t e s t  p i l o t s ,  

Nevertheless ,  t h e  c h a r a c t e r i s t i c s  of work 

More- 
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people  who could imagine t h e  na tu re  o f  s p a c e f l i g h t s .  

t h e  o v e r a l l  volume of mandatory t r a i n i n g  could have been diminished and t h e  

accent  could have been placed on ind iv idua l  i n i t i a t i v e  and t h e  personal  r e -  

s p o n s i b i l i t y  o f  t h e  candidates  f o r  t h e i r  p repa ra t ion .  

In  connection with t h i s ,  

Each a s t ronau t  s e l e c t e d  on h i s  own ind iv idua l  methods o f  maintaining 

normal phys i ca l  s ta tus ;  these  included water s k i i n g ,  e x e r c i s i n g  on t h e  "batut"  

[ T r a n s l a t o r ' s  Note: term u n i d e n t i f i e d ] ,  e t c .  Not long ago, f o r  i n c r e a s i n g  t h e  

v e s t i b u l a r  and s t a t o k i n e t i c  r e s i s t a n c e ,  var ious  s t y l e s  o f  swimming i n  t h e  

water, p a r t i c u l a r l y  t h e  crawl with r o t a t i o n  along t h e  long i tud ina l  a x i s  of  t h e  

body were recommended. 

t o r  cons t an t ly  changed inasmuch as t h e  spacec ra f t  i n  which t h e  a s t r o n a u t s  had 

t o  work was i n  a s t a t e  of development and was cons t an t ly  undergoing modif ica-  

t i o n .  

p rocess  of development of t h e  spacecraf t .  

combined wi th  systems t e s t s  i n  order  t o  eva lua te  both t h e  onboard equipment and 

t h e  ind iv idua l  equipment of  crew members. 

f a c t  a l s o  f u l l y  pe r t a ined  t o  t h e  t r a i n i n g  of Sovie t  cosmonauts f o r  t h e  f irst  

f l i g h t s  i n  t h e  "Vostok" and "Voskhod" programs. 

t r a i n i n g  t h e  American a s t ronau t s  a c e r t a i n  r o l e  was assigned t o  s t a y i n g  i n  a 
moderately high mountain environment. The i n v e s t i g a t i o n s  conducted i n  t h e  USSR 

affirm t h e  v a l i d i t y  o f  t h i s  form of  cosmonaut t r a i n i n g .  

acc l ima t i za t ion  t o  moderately high a l t i t u d e s  makes p o s s i b l e  an inc rease  i n  t h e  

r e s i s t a n c e  o f  t h e  organism t o  acce le ra t ions  and hypoxia and inc reases  t h e  

phys ica l  working capac i ty .  

t o  use  f o r  psychological  t r a i n i n g  of the crews f o r  a c t i o n s  under complex condi- 

t i o n s  and f o r  checking t h e i r  personal  q u a l i t i e s .  

Third,  t h e  program o f  t r a i n i n g  i n  t h e  spacec ra f t  simula- 

The program of t r a i n i n g  a l s o  had t o  dynamically accompany t h e  r e a l  

T ra in ing  se s s ions  were f r equen t ly  

I t  should be  noted t h a t  t h i s  t h i r d  

As has a l r eady  been noted ,  i n  

I t  was shown t h a t  

Moreover, a s t a y  i n  t h e  mountains i s  convenient 

In t h e  system o f  t r a i n i n g  cosmonauts ( a s t r o n a u t s ) ,  an important p l a c e  i s  

occupied by t r a i n i n g  se s s ions  on spec ia l  s imula to r  devices ,  among which a 

s p e c i f i c  one i s  a complex of  s imula t ing  methods ensuring t h e  development of  

p r o f e s s i o n a l  s k i l l s  i n  c o n t r o l l i n g  t h e  spacec ra f t  and i t s  systems. 

On t h e  s t r e n g t h  of  t h e  f a c t  t h a t  t he re  have not  y e t  been c rea t ed  and w i l l  

h a rd ly  be c r e a t e d  i n  t h e  nea r  f u t u r e  spacecraf t  t r a i n e r s ,  intended t o  t r a i n  
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cosmonauts i n  f l i g h t  (as  t h e r e  are i n  f l i g h t  p r a c t i c e ) ,  t e r r e s t r i a l  s imu la to r s  / 1 2  

support  t h e  e n t i r e  volume o f  development of necessary  s k i l l s  i n  cosmonauts. 
- 

A s i g n i f i c a n t  p e c u l i a r i t y  of c rea t ing  s imula to r s  designed t o  t r a i n  crews 
f o r  t h e  f i r s t  s p a c e f l i g h t s ,  o r  t o  develop s k i l l s  o f  a c t i v i t y ,  and planned f i r s t  

(docking, e n t e r i n g  open space,  landing on Moon, e t c . )  c o n s i s t s  i n  t h e  f ac t  t h a t  

t h e i r  development must precede t h e  ac tua l  accomplishment o f  ope ra t ions  i n  

space.  Therefore ,  t h e  t h e o r e t i c a l  ca l cu la t ions  and t h e  i n t u i t i o n  o f  des igners  

and cosmonauts had t o  compensate f o r  t h e  absence o f  experience.  

Tra in ing  f a c i l i t i e s ,  with r e spec t  t o  t h e i r  purpose,  tasks which can be 

worked out  on them, e f f ec t iveness ,  and design d i f f e r  g r e a t l y .  

A l l  t r a i n i n g  f a c i l i t i e s  can be divided i n t o  s imula to r s  and f a c i l i t i e s  f o r  

t r a i n i n g  t h e  organisms of  t h e  cosmonauts f o r  cond i t ions  o f  s p a c e f l i g h t ,  and 

s imula tors  f o r  developing p ro fes s iona l  s k i l l s  i n  c o n t r o l l i n g  t h e  spacec ra f t  and 

i t s  systems. (25b, 26b).  

In  a d d i t i o n  t o  t h i s ,  t h e r e  can be  combined s imula to r s  on which cosmonauts 

are prepared f o r  p ro fes s iona l  a c t i v i t y  i n  combination with prepar ing  t h e  o r -  

ganism f o r  extrema1 f l i g h t  f a c t o r s .  

The f i r s t  group inc ludes  s imula tors  and f a c i l i t i e s  f o r  phys i ca l  and 

s p e c i a l  t r a i n i n g  ( cen t r i fuges ,  gymnastic f a c i l i t i e s ,  "batut"  [ T r a n s l a t o r ' s  Note: 

term u n i d e n t i f i e d ] ,  t r e a d m i l l ,  landing s imula tors ,  a i r c r a f t ,  e t c . ) ,  as well as 

environmental  s imula tors  (p re s su re  chambers, s i l e n c e  chambers, a i r c r a f t  f o r  

f l i g h t s  a long t h e  Kepler t r a j e c t o r y ,  e t c . ) .  

The second group inc ludes  s imulators  f o r  developing p ro fes s iona l  c o n t r o l  

s k i l l s  (nav iga t iona l ,  communications, approach and docking, landing ,  l i f e  

support  system s imula to r s ,  e t c . ) .  

The complex s imula to r  combines i n  i tsel f  many ind iv idua l  s imula to r s  o f  both /13 - 
groups. 

We have a l r eady  dwelt on t r a i n i n g  t h e  organism o f  cosmonauts t o  endure 

f l i g h t  f a c t o r s  and p a r t i c u l a r l y  on t h e  f a c i l i t i e s  used, t h e r e f o r e  we s h a l l  now 

dwell on t r a i n i n g  cosmonauts t o  cont ro l  t h e  spacec ra f t  and i t s  systems. 
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I n  t r a i n i n g  t h e  f i rs t  group o f  Soviet  cosmonauts, t h e i r  t r a i n i n g  i n  space-  

c r a f t  c o n t r o l  was c a r r i e d  out on a s imula tor  which provides  development and 

reinforcement  of  s k i l l s  i n  manual o r i e n t a t i o n  and manual spacec ra f t  descent .  

I t  included an o p t i c a l  o r i e n t a t o r ,  a course, p i t c h  and yaw con t ro l  s t i c k ,  an 

engineer  c o n t r o l ,  p l a n e t a r i a ,  information and ins t ruments ,  a computer f o r  

p i l o t i n g  i n  navigati .ona1 parameters ,  a f l i g h t  dynamics computer, a t r a j e c t o r y  

kinematics  and engine i n s t a l l a t i o n s  dynamics, e x e r c i s e  and a s imula tor  con t ro l  

pane l .  

Such a system of s imula tors  o f  con t ro l  i s  genera l  f o r  craf t  of  any type;  

it enables  t h e  cosmonaut t o  work on t h e  Ear th  on a real  time scale and t o  

s imula te  t h e  a c t u a l  parameters  of movement of  t h e  spacec ra f t  wi th  r e s p e c t  t o  

t h e  Earth and t h e  p l a n e t s .  

Na tu ra l ly ,  t h e  instruments  used i n  such devices  change dependent upon 

t h e i r  degree of  p e r f e c t i o n .  

cosmonauts f o r  o t h e r  programs. 

Such s imulators  were used when t r a i n i n g  Sovie t  

During t r a i n i n g  of t h e  "Soyuz" and "Salyut" programs, bes ides  t h i s ,  a 

s i g n i f i c a n t  p l ace  was occupied by t r a i n i n g  s e s s i o n s  on s p e c i a l  s imula tors  pro-  

v id ing  f o r  t h e  development of  s k i l l s  of  docking spacec ra f t  i n  space.  

were based upon t h e  a c t u a l  approach o f  two s p a c e c r a f t  models whose movement was 

c o n t r o l l e d  by t h e  cosmonaut. 

They 

By t h e  aid of an o p t i c a l  system, movements were 

re layed  t o  t h e  i n d i c a t o r s  ( the  l'Volga'f s imula tor )  and t e l e v i s i o n  sc reens .  - /14 

A g r e a t  dea l  of a t t e n t i o n  was pa id  t r a i n i n g  cosmonauts t o  con t ro l  t h e  

s p a c e c r a f t  and i t s  systems; during t h i s  process  s k i l l s  of b a s i c  ope ra t ions  were 

brought t o  t h e  p o i n t  of automatism, and va r ious  unforeseen f a c t o r s ,  i nc lud ing  

emergency s i t u a t i o n s  were a l s o  widely developed. 

The s p e c i a l  program on t h e  s imula tor ,  mounted i n  an a i rc raf t ,  was c a r r i e d  

out  by t h e  cosmonauts i n  prepar ing  f o r  t h e i r  e x i t  i n t o  open space dur ing  f l i g h t s  

a long t h e  Kepler parabola .  

The conclus ive  s t a g e  of t h e  cosmonauts' t r a i n i n g  was a t e s t  s imu la to r  run 

us ing  a s imula to r  model of  t h e  spacec ra f t .  

wi th  a l l  t h e  a c t u a l  systems of l i f e  support ,  communications, medical i n d i c e s  

r eco rd ing  and s c i e n t i f i c  appara tus .  

The cabin  o f  t h i s  model was equipped 
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Dimensions of  t h i s  s t a g e  of  t r a i n i n g  were as follow: developing and 

checking elements o f  t h e  f l i g h t  assignment, ob ta in ing  fundamental background 

d a t a  c h a r a c t e r i z i n g  t h e  condi t ion  of  bas ic  phys io log ica l  func t ions  dur ing  t h e  

use o f  a c t u a l  spacec ra f t  systems and on a time scale corresponding t o  t h e  f l i g h t  

t i m e  s c a l e .  Moreover, a f i n a l  check was made on t h e  f i t  of i nd iv idua l  gear  and 

t h e  food r a t i o n  was improved. The cosmonaut completely accomplished t h e  f u t u r e  

f 1 i ght pro gram, 

A s i g n i f i c a n t  amount o f  time i n  the cosmonauts' t r a i n i n g  was set  a s i d e  f o r  

s tudying  t h e  spacec ra f t  des ign ,  and t h e  design o f  t h e  c a r r i e r  rocke t  and 

t h e o r e t i c a l  courses .  

According t o  opinions of  Sovie t  cosmonauts, t h e  t r a i n i n g  se s s ions  i n  t h e  

spacec ra f t  model a r e  extremely use fu l  and most f u l l y  enable  one t o  form a 

conception o f  t h e  f u t u r e  s p a c e f l i g h t ,  t o  improve i n t e r a c t i o n  of crew members 

dur ing  t h e  accomplishment of var ious  missions and t o  in t roduce  t h e  l a s t  

c o r r e c t i o n s  i n t o  t h i s  mission.  

The American a s t ronau t s  a l s o  undergo t h e  r equ i r ed  p r e f l i g h t  t r a i n i n g  i n  /15 - 
s imula to r s  and t r a i n e r s .  

A t  t h e  beginning of  t h e  "Mercury" p r o j e c t ,  grave fears were caused among 

s p e c i a l i s t s  by t h e  e f f e c t  o f  f l i g h t  f a c t o r s  on t h e  working capac i ty  of t h e  

crew. Accordingly, crew t r a i n i n g  was s t ruc tu red  p r i m a r i l y  t o  d u p l i c a t e  t h e  

e f f e c t  o f  such condi t ions  as high g-forces ,  t h e  absence of  t h e  f o r c e  of g r a v i t y ,  

h e a t ,  n o i s e  and "tumbling" o f  t h e  spacecraf t  i n  f l i g h t .  

The a s t r o n a u t s  o f  t h e  "Mercury" type spacec ra f t  went through m u l t i p l e  

t r a i n i n g  s e s s i o n s  with s imula ted  space f l igh t  f a c t o r s  a c t i n g  on t h e i r  organisms. 

P a r t i c u l a r  worry was expressed i n  regard t o  t h e  p o s s i b i l i t y  of manually con- 

t r o l l i n g  t h e  spacec ra f t  dur ing  t h e  e f f e c t  of h igh  g-forces a t  t h e  moment of  

launch and e n t r y  of  t h e  spacec ra f t  i n t o  t h e  dense l a y e r s  o f  t h e  atmosphere. 

Therefore ,  t h e  a s t ronau t s  of t h e  "Mercury" p r o j e c t  p a r t i c i p a t e d  i n  4 programs 

wi th  r o t a t i o n  on t h e  c e n t r i f u g e  a t  t h e  [U.S.]  Naval S t a t i o n  Center  f o r  

S c i e n t i f i c  Developments of  Aviat ion,  Johnsv i l l e ,  Pennsylvania.  The r e s u l t s  
of t h e  f l i g h t s  showed t h a t  t h e  f a c t o r s  and condi t ions  o f  s t a y i n g  i n  a space 

environment d id  not  have unfavorable  e f f e c t s  on t h e  working capac i ty  of crew 
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members dur ing  24 hours  of f l i g h t .  

o f  t h e  7'Gemini" and "Apollo" spacec ra f t  were reexamined and a t t e n t i o n ,  t o  a 

great degree,  was t r a n s f e r r e d  t o  problems o f  accomplishing mul t ip l e  and complex 

ope ra t ions  i n  space.  The experience of  f l i g h t s  i n  t h e  "Mercury" p r o j e c t  r e -  

vealed and confirmed t h e  s i g n i f i c a n c e  of s imula t ing  t h e  panorama observed by 

t h e  crew i n  t h e  spacec ra f t  window; t h i s  aspec t  acquired p a r t i c u l a r  s i g n i f i c a n c e  

f o r  t h e  f l i g h t s  of  t h e  "Gemini" and "Apollo" s p a c e c r a f t .  
t h e  "Mercury" spacec ra f t  t h e r e  was no dupl ica t ion  o f  adequate  views from t h e  

spacec ra f t  window, and t h e r e f o r e  primary e f f o r t  i n  t h e  subsequent "Gemini" 

program was d i r e c t e d  toward c o r r e c t i n g  t h i s  s i t u a t i o n .  

importance of s imula tors  and t r a i n i n g  devices forced  t h e  i n i t i a t i o n  of  develop- 

ment o f  a s imula to r  dun l i ca t ing  t h e  f u l l  p r o f i l e  o f  f l i g h t  of  t h e  "Gemini" 

and "Apollo" programs. 

After  t h i s ,  t h e  t r a i n i n g  programs f o r  crews 

In  t h e  s imula tor  of  

- /16 

The r e a l i z a t i o n  o f  t h e  

Each f l i g h t  o f  t h e  "Mercury" spacecraf t  was a n t i c i p a t e d  by a complete 

"playback" with t h e  p a r t i c i p a t i o n  of the crew and ground personnel  o f  t h e  most 

important phases o f  f l i g h t ;  t h i s  was par t  o f  t h e  program f o r  p r e f l i g h t  crew 

t r a i n i n g .  

Inasmuch as such t r a i n i n g  has shown i t s e l f  t o  be an extremely e f f e c t i v e  

means of  developing t h e  a c t i v i t y  of  as t ronauts  and personnel  o f  t h e  ground 

support  group, it was, doubt less ly ,  worked out  and expanded f o r  t h e  f l i g h t  pro-  

grams o f  t h e  7'Gemini'1 and "Apollo" spacec ra f t .  

In  connect ion wi th  maneuvers f o r  approach and o r b i t  i n  t h e  "Gemini" program, 

i n  t h e  s imula to r  f o r  t h e  '!Gemini" spacecraf t  an improved model o f  t h e  v i s u a l  

i n d i c a t o r  wi th  i n f i n i t e  pe r spec t ive  was in t roduced;  t h i s  s i g n i f i c a n t l y  i n -  

c reased  t h e  p r a c t i c a l i t y  and va lue  o f  t r a i n i n g  f u t u r e  crews. 

The p r e d i c t i o n s  expressed wi th  regard t o  t h e  p o s s i b l e  requirements on 

t r a i n i n g  programs o f  a s t ronau t s  i n  t h e  s imula tor  f o r  t h e  "Apollo" p r o j e c t  i n -  

d i c a t e d  t h e  n e c e s s i t y  o f  c r e a t i n g  various types  o f  s imula to r s  ( f u l l  p r o f i l e ,  

o f  p a r t  o f  t h e  missions and of t h e  mobile b a s e ) .  

During t h e  c r e a t i o n  of such s imula to r - t r a in ing  dev ices ,  t h e  problem o f  t h e  

onboard computer system o f  nav iga t ion  and con t ro l  was s p e c i a l l y  solved.  

1 2  



The second problem which was a l l o t t e d  a s i g n i f i c a n t  amount of  t ime was 

determined by t h e  d i f f i c u l t i e s  of  v i s u a l l y  s imula t ing  landing on t h e  s u r f a c e  o f  

t h e  Moon. 

Notwithstanding t h e  f a c t  t h a t  i n  t h i s  chapter  primary a t t e n t i o n  has  been /17 - 
pa id  t h e  experience which i s  acqui red  by crew members i n  t h e  course  o f  t r a i n i n g  

i n  s imula to r s ,  it does not  i n  any case diminish t h e  importance o f  systems o f  

i nd iv idua l  equipment. 

s imu la to r  t r a i n e r s  f o r  a l l  programs f a l l  j u s t  t o  such equipment. 

Doubtlessly,  a la rge  p a r t  o f  t h e  d i f f i c u l t i e s  i n  c r e a t i n g  

In t h e  s p r i n g  o f  1961, when t h e  f i r s t  f l i g h t  i n  t h e  "Mercury" program had 

been completed, t h e  dura t ion  o f  group as t ronaut  t r a i n i n g  comprised two y e a r s .  

A s  has  a l r eady  been noted,  be fo re  each f l i g h t  t h e  p i l o t  and h i s  s tandby 

p a r t i c i p a t e d  i n  a program of  p r e f l i g h t  t r a i n i n g .  

depended upon t h e  time between f l i g h t s  and t h e  missions of t h e  f l i g h t .  

quent ly ,  t h e  standby was named as f irst  p i l o t  f o r  t h e  upcoming f l i g h t  which 

permi t ted  a decrease i n  t h e  pe r iod  of the p r e f l i g h t  course f o r  each candida te  

by approximately 6 months: 

months - t h e  primary p i l o t .  

space program. 

The du ra t ion  of t h e  course  

Fre- 

t h e  f i r s t  3 months - t h e  s tandby,  t h e  second 3 

Such a system i s  a l s o  c h a r a c t e r i s t i c  f o r  t h e  Soviet  

The con t r ibu t ion  of t h e  a s t r o n a u t - p i l o t s  i n  improving spacec ra f t  systems 

began soon a f t e r  they  became adequately acquainted with t h e  des ign  of  t h e  

"Mercury" s p a c e c r a f t .  

subsequent f'Gemini" and "Apollo" programs. 

A s  e a r l y  as 1961, t hey  p a r t i c i p a t e d  i n  planning t h e  

Each a s t ronau t  f o r  a minimum of  3 weeks and longer was permi t ted  t o  work 

i n  t h e  capac i ty  of  a consul tan t  with systems of t h e  a c t u a l  "Mercury" space-  

c r a f t .  

changed over  t o  developing f l i g h t  s k i l l s  t o  s a t i s f y  requirements manifested by 

t h e  c h a r a c t e r  of t h e  f l i g h t .  

Upon completion o f  t h e  program o f  group t r a i n i n g ,  t h e  a s t ronau t s  

Before t h e  f l i g h t  of t h e  "Mercury-8" s p a c e c r a f t  i n  October of 1962, 

s c i e n t i s t s  were t roubled  by a problem: 

yaw o f  a spacec ra f t  us ing  only t h e  slow ro l l -by  of  t h e  con t inen t s  and clouds 

v i s i b l e  from the  spacec ra f t  window i n  the capac i ty  o f  c o r r e c t i n g  moments. 

could t h e  p i l o t  determine t h e  angle  of  

/18 
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For t h i s  purpose,  a t r a i n e r  f o r  determining t h e  angle  of  yaw o f  t h e  space- 

c r a f t  was developed, b u i l t  and used f o r  t r a i n i n g .  

The model o f  t h e  Ear th  panorama t r a i n e r  cons i s t ed  o f  a "Mercury" space-  

c r a f t  cab in  diminished i n  s ize  by a f a c t o r  o f  2 .  This  cabin  had t r a n s p a r e n t  

walls and was mounted on ca rd in  suspensions pe rmi t t i ng  4 degrees  o f  freedom. 

The t r a i n e r  for determining terrestr ia l  po in t s  of o r i e n t a t i o n  cons i s t ed  of t h e  

pro to type  o f  t h e  p i l o t ' s  c h a i r ,  an ac tua l  per i scope  from t h e  "Mercury" space- 

c r a f t ,  a sc reen  f o r  backward p r o j e c t i o n  and a p r o j e c t o r .  In  t h e  t r a i n e r  t h e  

a s t ronau t  became acquainted with t h e  wide angle  o p t i c a l  per i scope  which pro- 

v ides  a compressed image o f  t h e  o u t l i n e s  of  s h o r e l i n e ,  r i v e r s ,  mountain ranges 

and o t h e r  topographic  elements.  The t r a i n e r  moved on an a i r  bea r ing  and had a 

f r e e  angle  o f  t u r n  of  360 degrees and f r e e  angles  of p i t c h  and yaw of  350 

degrees .  The he igh t  o f  movement was regula ted  dur ing  r o l l o v e r  along a cable  

by t h e  a i d  o f  j e t  engines  with low torque (which were used f o r  r e g u l a t i n g  

f l i g h t  a l t i t u d e  i n  o r b i t  f o r  fue l  economy). 

For t r a i n i n g  i n  abandoning spcec ra f t  i n  uncon t ro l l ab le  f l i g h t ,  a mul t i -  

a x i a l  t r a i n e r  was used which had i n e r t i a l  r o t a t i o n  about i t s  long i tud ina l  

a x i s .  

As has  a l r eady  been s a i d ,  p a r t  o f  the group t r a i n i n g  program was f o r  

t r a i n i n g  s e r i e s  o f  a s t r o n a u t s  i n  t h e  cen t r i fuge .  The f i rs t  two s e r i e s  were of  

a f a m i l i a r i z i n g  c h a r a c t e r  while  t h e  second two s e r i e s  were t h e  t r a i n i n g  s e s s i o n s .  
The gondola s imulated t h e  i n t e r i o r  o f  the  s p a c e c r a f t  cab in ,  and both f o r  

o r b i t a l  and b a l l i s t i c  f l i g h t s  t h e  s imulator  of  t h e  a l t i t u d e  r e g u l a t i o n  system 

opera ted  on t h e  p r i n c i p l e  of  t h e  s h o r t  c i r c u i t ,  s i n c e  t h e  r a t e  of  r o t a t i o n  was 

assigned by t h e  p i l o t .  

s p a c e s u i t s ,  and seve ra l  series of r o t a t i o n  were c a r r i e d  out  with s imula t ion  o f  

an a l t i t u d e  of 8,500 meters (pressure  4 . 8  [ T r a n s l a t o r ' s  Note: blank space i n  

t e x t ]  o r  248 mm Hg) . In  a l l ,  t h e  f i rs t  a s t ronau t s  had an average of 45 hours 

each o f  " f l i g h t t t  i n  t h e  cen t r i fuge .  The t r a i n i n g  proved extremely u s e f u l ,  

inasmuch as it  became p o s s i b l e  t o  t e s t  components of  i nd iv idua l  equipment and t o  

demonstrate  i t s  p o s s i b l e  func t ioning  during t h e  e f f e c t  of g- forces ;  moreover, 
t h e  a s t r o n a u t s  had t h e  p o s s i b i l i t y  of developing s k i l l s ,  and i n c r e a s i n g  t h e i r  

r e s i s t a n c e  t o  g- forces .  

/19 - 
During t h e  cent r i fuge  run t h e  a s t ronau t s  were c l ad  i n  

Hence, t h e  program o f  t r a i n i n g  i n  t h e  "Mercury" 
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p r o j e c t  was t h e  f irst  experience of  t h e  USA, on t h e  b a s i s  o f  which o t h e r  programs 

were subsequent ly  cons t ruc ted .  

The a c t i v i t y  of  a s t ronau t s  and cosmonauts dur ing  s p a c e f l i g h t s  confirmed 

t h e  adequacy of  t h e  p r e f l i g h t  t r a i n i n g  programs. 

t a i n e d  as t h e  r e s u l t  of comparing working capac i ty  when accomplishing va r ious  

maneuvers i n  a c t u a l  f l i g h t  with t h e  working capac i ty  i n  t r a i n i n g  dev ices .  

Evalua t ions  were a l s o  taken i n t o  account which were given by t h e  p i l o t s  with 

r e spec t  t o  va r ious  t r a i n i n g  devices .  

subjec ted  t o  an examination and a repeated i n v e s t i g a t i o n  f o r  comparing t h e i r  

working capac i ty  before  and a f t e r  t h e  f l i g h t .  

example, t h a t  even if t h e  sensa t ion  of  weight lessness  was gene ra l ly  p l e a s a n t ,  

a l l  t h e  same, f o r  adapta t ion  both t o  the  s t a t e  of weight lessness  and t o  t h e  

unusual view from t h e  spacec ra f t  window r e q u i r e  a c e r t a i n  amount of  time from 

them. 

under t e r r e s t r i a l  condi t ions .  And notwithstanding t h e  f a c t  t h a t  t h e  pe r iod  of 

adap ta t ion  t o  t h e  unusual condi t ions  of f l i g h t  can be diminished,  and t h e  view 

from t h e  s p a c e c r a f t  window improved, the a s t r o n a u t s  view t h e s e  problems as 

very  s e r i o u s  ones.  

Fu r the r  confirmation was ob- 

Af te r  each f l i g h t  t h e  a s t r o n a u t s  were 

The a s t r o n a u t s  r epor t ed ,  f o r  

Not one o f  t hese  s p a c e f l i g h t  c h a r a c t e r i s t i c s  can be adequately s imulated 

The p i l o t  a s t ronau t s  unanimously confirmed t h e  importance o f  t h e i r  p a r t i c i -  /2O - 
pa t ion  i n  improving t h e  spacec ra f t  systems on t h e  eve of  t h e  f l i g h t .  

opinion was expressed t h a t  t h e  cen t r i fuge  i s  t h e  most u s e f u l  device  f o r  t r a i n i n g  

and t h a t  t h e  experience accumulated as the  r e s u l t  o f  t h e  c e n t r i f u g e  runs p r i o r  

t o  t h e  f l i g h t  i s  very  va luab le .  

A genera l  

The f l i g h t  o f  t h e  "Gemini" spacecraf t  was t h e  next  s t a g e  i n  t h e  development 

of t h e  manned o r b i t a l  f l i g h t  programs. 

of t h e  f l i g h t s  of  t h e  s i n g l e  p l ace  "Mercury" s p a c e c r a f t ,  as wel l  as t h e  observa- 

t i o n s  o f  Sov ie t  cosmonauts had demonstrated t h e  capac i ty  o f  man t o  l i v e  and 

work i n  o r b i t ,  t h e  program o f  f l i g h t s  of t h e  two p l a c e  I'Gemini" s p a c e c r a f t  

posed i t s  own problem ( i n  add i t ion  t o  o thers )  o f  v e r i f y i n g  t h e  phys io log ica l  

c a p a c i t i e s  of t h e  human organism t o  l i v e  and work i n  space over t h e  course of  

a pe r iod  of t ime necessary f o r  f l i g h t  t o  t h e  Moon and r e t u r n  t o  t h e  Ea r th ,  as 

well as t o  c a r r y  out  opera t ions  i n  open space.  

Notwithstanding t h e  f a c t  t h a t  t h e  r e s u l t s  
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Elements such as checking systems f o r  maneuvering and docking i n  space 

a l s o  had t o  be in t roduced  i n t o  t h e  program o f  t r a i n i n g  o f  t h e  luna r  exped i t ion .  

Propor t iona l  t o  accomplishment of the  "Gemini" program, planning and 

t r a i n i n g  p i l o t s  and new groups o f  as t ronaut  s c i e n t i s t s  f o r  t h e  "Apollo" pro-  

j e c t  were c a r r i e d  o u t .  

t h e  c h a r a c t e r  of  a s t r o n a u t  t r a i n i n g .  

A l l  t h e  concepts expressed h e r e  had g r e a t  i n f luence  on 

Tra in ing  p i l o t s  and a s t ronau t  s c i e n t i s t s  f o r  t h e  "Gemini" and "Apollo" 

programs went on s imultaneously.  

The f l i g h t  crews had t o  accomplish a ser ies  of missions which cons i s t ed  i n  

working out  s k i l l s  i n  naviga t ion ,  i n  f l i g h t  t r a j e c t o r y  c o r r e c t i o n ,  as well as  

i n  making a landing on t h e  Earth and on t h e  su r face  o f  t h e  Moon. 

t o  be ab le  t o  check systems and t o  launch themselves from t e r r e s t r i a l  o r b i t ,  

from t h e  o r b i t  and s u r f a c e  of  t h e  Moon, using only t h e  readings  o f  t h e  onboard 

ins t ruments  and information t r ansmi t t ed  by r a d i o  from t h e  Ear th .  

They a l s o  had / 2 1  - 

In  p a r t i c i p a t i n g  i n  spacec ra f t  t e s t s ,  t h e  crew members acqui red  experience 

and s k i l l s  i n  p i l o t i n g .  

a l l  t h e  a s t r o n a u t s  spent  from 40 t o  50 hours each i n  t h e  cabin and an even 

g r e a t e r  amount o f  t ime was devoted t o  observat ion and development of s p e c i f i c  

d e t a i l s .  

In  t h e  course o f  t h e  t r i a l s  o f  t h e  "Gemini" s p a c e c r a f t ,  

The "Gemini" program showed t h a t  high working capac i ty  and e f f e c t i v e n e s s  

of crew a c t i v i t y  during f l i g h t  along a t e r r e s t r i a l  o r b i t  on t h e  whole depended 

upon t h e  q u a l i t y  of  p r e f l i g h t  s imula tor  t r a i n i n g .  The experience of t h e  f l i g h t s  

showed t h a t  t h e  s imula tor  t r a i n e r s ,  f o r  t h e  most p a r t ,  accu ra t e ly  duppl ica ted  

t h e  cond i t ions  o f  real s p a c e f l i g h t .  

For s imula t ing  t h e  condi t ions  i n  which t h e  a s t ronau t  would be a c t i v e  

dur ing  h i s  e x i t  i n t o  open space,  planned f o r  t h e  f l i g h t s  of  t h e  "Gemini-11'' 

and "Gemini-12f1 s p a c e c r a f t ,  a dynamic t r a i n i n g  device  was c rea t ed  f o r  working 

out  crew a c t i o n s .  By t h e  a i d  of  t h i s  t r a i n e r ,  b a s i c  schedules  and con t ro l  

assignments f o r  making t h e  walk i n  space were developed, while  t h e  capac i ty  of  

t h e  crew t o  f u l f i l l  t h e s e  missions was determined. 
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P r e l i m i n a r i l y ,  crew t r a i n i n g  t o  a c t i v i t y  under o rd ina ry  and emergency 

s i t u a t i o n s  was c a r r i e d  out  i n  the  t r a i n e r .  

breakdowns o f  var ious  onboard systems were worked o u t .  

The ac t ions  o f  t h e  crew upon 

The presence  of  var ious  s imula tors  made it p o s s i b l e  almost f u l l y  t o  

d u p l i c a t e  cond i t ions  of  t h e  f l i g h t  of  the "Gemini" s p a c e c r a f t .  The success fu l  - / 2 2  

accomplishment of a l l  t h e  f l i g h t  missions by t h e  spacec ra f t  crews was a d i r e c t  

consequence of  t r a i n i n g  i n  s t i m u l a t o r  t r a i n e r s  of h igh  q u a l i t y ,  

The r e s u l t s  of  t h e  "Gemini" program provided s c i e n t i s t s  and engineers  with 

t h e  necessary  amount of information f o r  accomplishing crew t r a i n i n g  which made 

p o s s i b l e  success fu l  embodiment of t h e  program f o r  landing on t h e  s u r f a c e  o f  t h e  

Moon. The crew members of t h e  "Gemini" spacec ra f t  showed t h a t  man can be under 

condi t ions  of weight lessness  f o r  a per iod o f  14 days (which by a f a c t o r  o f  2 

exceeded t h e  time minimally requi red  f o r  t h e  luna r  exped i t ion ) ;  t h e  a s t r o n a u t s  

checked t h e  developed methods of approach and docking which were a v i t a l  p a r t  

of t h e  "Apollo" program; t h e  experience of  t h e  a s t r o n a u t s  a l s o  confirmed t h e  

concept i n  accordance with which, f o r  r e f u e l i n g  f u t u r e  spacec ra f t  capable  of 

docking i n  space,  a s p e c i a l  a u x i l i a r y  spacecraft could be  placed i n  o r b i t .  

a s t r o n a u t s  a l s o  showed t h e  p o s s i b i l i t y  of comparatively long term a c t i v i t y  of  

man i n  open space and t h e  capac i ty  f o r  crew members t o  accomplish va r ious  

missions o u t s i d e  t h e  s p a c e c r a f t .  

t o  t h e  Moon, 

The 

A l l  t h i s  was t h e  pre lude  t o  t h e  a c t u a l  f l i g h t  

A s  has  a l ready  been shown, both as t ronaut  p i l o t s  and a s t ronau t  s c i e n t i s t s  

who t r a i n e d  toge the r  f o r  f l i g h t s  i n  t h e  "Gemini" spacec ra f t  were s e l e c t e d  t o  

p a r t i c i p a t e  i n  t h i s  program; t r a i n i n g  was modified p ropor t iona l  t o  improvement 

i n  s p a c e c r a f t  design and t h e  a s t ronau t s  worked on both s k i l l s  which they  had 

acqui red  ear l ier  and learned t o  ca r ry  out new ope ra t ions .  

The crews o f  t h e  llApollo" spacecraf t  went through a comprehensive p r a c t i c e  

i n  f u l f i l l i n g  a l l  nominal and unplanned f l i g h t  s i t u a t i o n s  on one of  t h e  t r a i n e r s .  

Accomplishing many v a r i e d  missions which have not  been included i n  t h e  - / 2 3  

o f f i c i a l  program entered  the  t r a i n i n g  program; t h e s e  were as fol low: 

o f f i c i a l  a c t i o n s  of a s t ronau t s  having personal  motives (s tudy,  phys i ca l  condi- 

t i o n i n g )  ; b) t r a i n i n g  f o r  ord inary  f l i g h t s  ( p i l o t i n g  a i r c r a f t ,  e t c . )  ; c)  crew 

a )  un- 
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ac t ions  d i r e c t e d  t o  a i d  personnel  who had prepared f o r  a c e r t a i n  f l i g h t  o r  f o r  

t h e  t lApolloft  program (spacesui t  f i t ,  medical examination, r e c r u i t i n g  candida tes ,  

t r a v e l ,  record ing  f l i g h t s ,  so lv ing  engineer ing problems and o t h e r  problems).  

In  conclusion one can no te  t h a t  t r a i n i n g  of t h e  Sovie t  cosmonauts and 

American a s t r o n a u t s  f o r  p a r t i c i p a t i o n  i n  manned f l i g h t s  was s t r u c t u r e d  (with 

t h e  exc lus ion  o f  c e r t a i n  cases)  according t o  a s i n g l e  l o g i c a l  model. 

coun t r i e s  t h e  methods of t r a i n i n g  devolved from a l r eady  known a v i a t i o n  expe r i -  

ence and embodied a d d i t i o n a l  requirements which had been developed as t h e  

r e s u l t  o f  e x t r a p o l a t i o n  of t h i s  experience t o  t h e  new cond i t ions .  

a l l  candida tes  were experienced p i l o t s  before  t h e  beginning of  t r a i n i n g ,  people 

who could adapt t o  severe  condi t ions  o f  high v e l o c i t y  high a l t i t u d e  a i r c ra f t  

f l i g h t s ,  t h e  main medical problem which requi red  s o l u t i o n  cons i s t ed  i n  s tudying  

t h e  in f luence  of  s p a c e f l i g h t  f a c t o r s .  La ter ,  i n  propor t ion  t o  t h e  accumulation 

of a c t u a l  experience dur ing  o r b i t a l  and s p a c e f l i g h t s ,  it became p o s s i b l e  t o  

determine t h e  requirements made on spacecraf t  crews. I t  was shown t h a t  crew 

members need no t  on ly  be t r a i n e d  t e s t  p i l o t s  (which was c h a r a c t e r i s t i c  f o r  t h e  

f i r s t  manned f l i g h t s  o f  t h e  USSR and U S A ) ,  bu t  could a l s o  be  s c i e n t i s t s  and 

engineers .  

I n  both 

Inasmuch as 

/ 24 - Over a pe r iod  somewhat i n  excess  of 10 y e a r s ,  which i s  covered i n  t h i s  

chapter ,  p r e f l i g h t  and f l i g h t  t r a i n i n g  o f  crew members was r e l e v a n t  t o  ground 

t r a i n i n g  and a l s o  t h e  accumulating experience i n  t h e  course of o r b i t a l  f l i g h t s .  

T ra in ing  men t o  p a r t i c i p a t e  i n  prolonged s p a c e f l i g h t s  w i l l  have i t s  

p e c u l i a r i t i e s .  

s c i ences ,  b a s i c  and app l i ed ,  and both occupied with problems o f  man and no t  

occupied wi th  them, inc luding  t h e  many in te rmedia te  d i s c i p l i n e s  - t h e  b i o l o g i c a l  

s c i ences ,  molecular  sc iences ,  chemical sc iences  and behav io r i a l  s c i ences  a r e  

requi red .  

r a t i o n a l  dynamic f t sub jec t "  and not  an "object" t o  be eva lua ted  merely by means 

of phys i ca l  and engineer ing c r i t e r i a .  

For t h i s ,  t h e  un i t ed  e f f o r t s  of  r e p r e s e n t a t i v e s  of a l l  t h e  space 

More than  anything e lse  it i s  v i t a l  t o  recognize t h a t  man i s  a 
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